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ABSTRACT 

Thirty-two of 295 compounds tested were effective chemosterilants on 
mixed-sex boll weevil groups when the compounds were fed for 3 days in an 
adult diet. Fourteen of the 32 chemosterilants were aziridinyl compounds. 
When the treated weevils were outcrossed to normal male and female weevils, 
the following compounds were the most effective: A^W’-l,5-naphthylenebis- 
(1-aziridinecarboxamide) (ENT-50664) ; l,l’-methy]enebis(aziridine} 
{ENT-50752) ; ^-(l-aziridmyU-NjN.Ai.N'-tetramethylphosphonic diamide 
ENT-50991) ; butyl bis (1-aziridinyl) phosphinate (ENT-61354) ; P,P-bis (1- 
aziridinyl)-N-propylphosphinothioic amide (ENT-61580); P,P-bis ( 1-aziri- 
dinyl) -N-ethylphosphinothioic amide (ENT-61581) ; bis (1-aziridinyl) ethyl- 
phosphine sulfide {ENT-61587) ; 1,9-nonanediol dimethanesulfonate (ENT- 
26397); N-fluoren-2-ylacetohydroxamic acid (ENT-50466); l-nitro-3-[(2- 


pyridylmethylene) amino] guanidine 
amino) phenol (ENT-52102). 

INTRODUCTION 

The Agricultural Research Service is search- 
ing for more effective chemosterilants for the 
boll weevil, Anthonovius grandis Boheman. It is 
especially important to find relatively nontoxic 
compounds that will effectively sterilize female 
weevils as well as males. In the event eradication 
of the boll weevil is attempted in all infested 
cotton-growing States, it will be impractical to 
separate sexes to release only male weevils (as 
has been done in pilot eradication tests) . 

Two hundred and ninety-five compounds were 
tested for chemosterilant activity and are in- 
cluded in this report. The compounds are aziri- 
dines, triazines, phosphoramides, nitrogen 
mustards, sulfonic acid esters, and other kinds. 


' Research enlomologist, biological laboratory tech- 
nician, research entomologist, and entomologist, Boll 
Weevil Research Laboratory, Agricultural Research 
Service, U.S. Department of Agriculture, Mississippi 
State, Miss. 39762. 

- Research chemist, Insect Chemosterilants Labora- 
tory, Agricultural Environmental Quality Institute, Ag- 
ricultural Research Service, U.S, Department of 
Agriculture, Beltsvilie, Md. 20705. 


(ENT-52077); and m-(salicylidene- 


These types of compounds were shown to be 
the most effective in earlier screening programs 
(.4, 5).’ Six compounds included in this report 
were previously reported U, 5) as effective boll 
weevil chemosterilants: N-fluoren-2-ylacetohy- 
droxamic acid (ENT-60466) ;‘ ethyl bis(l-aziri- 
dinyl) phosphinate (ENT-6076i); hexamethyl- 
phosphoric triamide (ENT-50882); 1,3-propane- 
diol dimethanesulfonate (ENT-51904); P,P-bis- 
(l-aziridinyl)-N-ethylphosphinothioic amide 
(ENT-61681) ; and F,?-bis (1-aziridinyl) -N- 
methylphosphinothioic amide (ENT-61586). 

MATERIALS AND METHODS 

The compounds used in this study were sup- 
plied by the Insect Chemosterilants Laboratory, 
Agricultural Environmental Quality Institute, 
Beltsvilie, Md., and by the Southern Research 
Institute, Birmingham, Ala. An ebony strain of 


Italic numbers in parentheses refer to items in “Lit- 
erature Cited" at the end of this publication, 

« Numbers prefixed with ENT are assigned to new 
compounds by Agricultural Research Service, Beltsvilie, 
Md, The ENT prefix was replaced with the prefix AI3 
in 1972, but the compound numbers remained the same. 
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boll weevils was used in screening’ ( / ) . All larval 
and adult diets were freshly prepared every 1 to 
3 days (d, 6). It is quite possible that different 
w'eevil strains or diets would influence repro- 
ducibility of results with a given cheniosterilant. 

The candidate cheniosterilant was weighed, 
dissolved in a ininimum amount of water, metha- 
nol, or acetone, and then mixed into hot adult 
diet. The treated diet was next formed into pel- 
lets, waxed, and stored in the refrigerator at 5° 
to 6° C. 

Chemosterilant activity and compound toxicity 
were determined as follows: Fifty mixed-sex, 
1-day-old weevils were placed in a 7.3- by 7.3- 
by 2.9-cm plastic box with a screen opening and 
fed treated diet pellets ;for 3 days, after which 
untreated pellets were provided. Seven and four- 
teen days after treatment, mortality counts, indi- 
cating compound toxicity, were made, and 
samples of as many as 50 eggs were collected to 
determine sterility (indicated by egg hatch and 
F I adult emergence) . Half the egg sample was 
held for hatch; the other half was implanted in 
larval plates for F, adult emergence. If a com- 
pound tested on mixed-sex groups of weevils 
(treated males mated to treated females) re- 
duced adult emergence to one-half that of the 
control, the compound was retested on treated 
males mated to normal females and treated fe- 
males mated to normal males. Thus, it could be 
determined if males or females or both sexes 
were affected by tlie chemical treatment U, 5). 

A 0.5% to 1% concentration of candidate 
chemosterilant was tried first; depending on the 
percentage of sterility and mortality at this level, 
the concentration was then increased or de- 
creased. In some cases, there was not enough 
chemical available to determine the most effec- 
tive concentration. 

RESULTS AND DISCUSSION 

Thirty-two of the 295 compounds tested on 
mixed-sex groups of boll weevils reduced adult 
Fi emergence to 15% or less, with no more 
than 33 % mortality of the treated parents by 7 
days posttreatment. These compounds and the 
concentrations that were the most effective on 
mixed sexes are given in table 1. (Complete 
experimental results are given in table 3.) 

Almost half the compounds effective on mixed 
sexes were aziridines; several other effective 
compounds were sulfonic acid esters or nitrogen 


mustards. These compounds have proven to be 
very active chemo.sterilants on boll weevils as 
well as on other insect species, but they are also 
quite toxic {2, U, 5). 

Table 1 . — Effective chemovienlants against 
mixed-sex boll weevil groups^ 

Goncen- 

Compound tration 

(%) 

Acetohydroxamic acid, A^"fluoTCn-2-yl- < . . 0.4 

Ammonium, 2-butynylenebis [trimethyl 

chloride] 0.6-0.76 

2,3-Bornanediono . 2 

Carbaimc acid, methylnitroso-, ester with 
3- (/J-hydroxyphenethyl) -l-methyl-l- 

nitrosourea ... 0 J 

Cresol, ft- [[?!-( o- 

methoxyphellOxy)phenyl]aminoI-2,t^ 

dinitro 2 

2-Furaldehyde, 5-nitvo-» thiosemicarbazone 1 

Glycine, N,ZV'-bis(2“hydroxyethyl)- 0.6 

Guanidine, 3 -ami no- 1,1- dimethyl-, 

monohy dr iodide . 2 

Guanidine, l-nitro-3“[ (2- 

pyridylmethylene) amino] 0.1-1 

Ilydroquinone, 2,6-di-ier^*'butyl- O.B 

Indolc-2,3-dione, l-methyl-, 

3-(tliiosemicarbazone) 2 

Phenol, 2,4,G-trisr(ethylamino) methyl]- . 0.5 

Phosphine oxide, bis (1-aziriclinyl) ethyl- . 0.06-0.1 

Phosphinic acid, bis(l-aziridinyl)-, 

butyl ester O.Go 

Phosphinic acid, bis(l-aziridinyl)-, 

ethyl ester 0.1 

Phosphinic acid, his(l-aziridinyl)-,. 

methyl ester 0.06-0.2 

Phosphinic acid, bis(l-aziridinyl)-, 

propyl ester 0.06-0.1 

Phosphinic amide, P,P-bis(l-aziridinyl)- 

A^-(o-chlorophenyl)- 0.06-0.5 

Phosphinic amide, P,P-bivS(l-aziridinyl)- 

iV-methyl- 0,06-0.6 

Phosphinic amide, P,P-bis(l-aziridinyl)- 

M^-phenyl- 0.06-0.5 

Phosphinic amide, P,P-bis(l-nziridinyl)- 

2V-propyl- 1 

Phosphinothioic acid, bis(l-aziridiTiyl)-, 

0-ethyl ester 0,1 

Phosphinothioic acid, bis(l-aziridinyl)-, 

S-ethyl ester 0.06-0,3 

Phosphinothioic acid, bis(l-aziridinyl)-, 

jSf-methyl ester 0.06-0.3 

Phosphinothioic amide, P,P-bis(l- 

aziridinyl) -2V-ethyl- 0.006-0.007 

Phosphinothioic amide, P,P-bis(l- 

aziridinyl ) -A^-methyl- 0.06 

Phosphoric triamide, hexamethyh 0.6 

1,3-Propanediol, dimethanesulfonate 1 

See footnote at end of table. 
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Table 1. — Effective ehemoster Hants against 
mixed-sex boll weevil groups' — Continued 


Concen- 


Compouiul tratioii 

W 

Thiazole, 2-amino-4-(p-nili’ophenyl)- • 2 

Urea, 3-(6-arnlmo-l,3,4-thiadiazol-2-yl)- 

1,1-climethyl 1 

Urea, 1- (2-cliloroothyl) -l-nilroso-3- 

(2,C-xylyl)- 0.01 

Urea, 3,!J’-[4-(p-methoxyphenyl)-l,2,4- 
<Utliiazolidine-3,5-fliylidene]bis[l,l- 
dimethyl-2-thio- 0.05 


' Compounds reduced adult F, emergence to 16 % or 
less, with no moi'e than S3'/o mortality of treated 
parents by 7 days posttreatment. 

The treatments of sterile males mated to nor- 
mal females or sterile females mated to normal 
males in which mortality was no more than 
33 by 1 week posttreatment, adult Fi emer- 
gence was 15% or less, and no more than 25 
eggs were collected during the test period are 
given in table 2. (Complete experimental re- 
sults are given in table 3.) Seven of the eleven 
most effective, least toxic compounds against 
males or females or both were aziridines. For 
example, l,l'-methy]enebis(azii’idine) at 0.4% 
to 0.5% reduced eggs 92% below the number 
laid by untreated controls, while mortality of 
treated females was only twice that of controls 
by 14 days po.sttreatment. P-(l-aziridinyl)- 
i'/,A^,A^,A^’-tetramethylphosphonic diamide fed to 
males at 0.2% reduced hatch and emergence 
to 4 % or less in three replications, and mortali- 
ty was only 42% by 2 weeks posttreatment, 
compared to 25% in the control. A 0.075% to 
0.1 % feeding of butyl bis (l-azii*idinyl) phosphi- 
nate in the diet resulted in 90% to 100% 
sterility of males, based on adult emergence. 
Fecundity of treated females was reduced 83 % 
below the control value, but the few eggs laid 
hatched normally. Females treated with a 
0.75% concentration of P,P-bis{l-aziridinyl)- 
A^-propylphosphinothioic amide for 3 days laid 
only 6 eggs, of which 4 hatched, compared to 
75 eggs laid by the controls, of which 72 hatched 
under the same conditions; mortality was only 
16% more than the control by 2 weeks post- 
treatment. Similarly, a 0.005% concentration 
of P,P-bis ( 1-aziridinyl ) -W'-ethylphosphinothi- 
oic amide reduced adult emergence and fecun- 
dity of males and females (mated to normal 


weevils) to 12 (,’1- or less. Another compound, 
bis (1-aziridinyl) ethylphosphine sulfide fed to 
males at 0.025 reduced adult emergence to 
12%. When A,ALl,5-napthylenebis(l-aziridine- 
carboxamide) was fed to males or females at 
1%, adult emergence was reduced to 12% and 
fecundity was reduced by 96%. 


Table 2. — Highly effective, low-toxicity chemo- 
steriUnits in normal-sterile boll weevil 
matings' 


Compound 

Concen- 

tration 

(%) 

Effective 

against 

Acelohydroxamic acid, 
A^-fhioren-2-yl- 

OA-1 

6 9 

Aziridme, l,l*-niethylenel)is- . . 

0.4-0.6 

9 

1- Azi r idinecarh oxami de, 
A^,A^^-l,6-iuiphthyl(3nehis- 

1 

S 

Do 

0.6-1 

9 

Guanidine, l-nitro-3-[(2- 
pyridiny Imethylene ) amino] - 

0.1-1.6 

S 9 

1,9-Nonanediol, 
dimethanesulfoiiate . 

0,l-0.4 

9 

Phenol, m- 

(salicylideneamino) - 

0.26-0,5 

9 

Phosphine sulfide, his(l“ 
aziridinyl) ethyl 

0,026 


Phosphinic acid, bis(l- 
aziridinyl-, butyl ester 

0,26-0,6 

6 

Do 

0,075 

9 

Pliosphinothioic amide, l\P- 
his ( 1-aziridinyl) -2^- ethyl- . 

0,005-0,007 

^ 9 

Phosphinothioic amide, P,P- 
his ( 1-aziridinyl) -TV-propyl- 

0.76 

9 

Phosphonic diamide, P-(l- 
aziridiuyl) 
tetramethyl- 

0.2 



^ ConipoiiiKls reduced adult emerKOiice to 159^ oi' 
less and eggs laid to 26 or fewer during test period, 
with treated-]) aront mortality of no more than 33^^- by 
7 days posttreatment. 

Four nonaziridinyl compounds were also 
found to be effective when fed to boll weevils. 
For example, 1,9-nonanediol dimethanesul- 
fonate fed to males (0.1%) or females (0.4%) 
resulted in virtually total sterility, but mortality 
was 3.5 to 4 times more than in the control in 
14 days. Male or female weevils fed 0.1% to 
1.5 % l-niiro-3- [ ( 2-pyridylmethylene) amino] - 
guanidine and mated to normal weevils pro- 
duced few or no offspring; mortality of treated 
females was at least twice that of males. 

(Continued on page 30.) 
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Table 3* — Chemosterilant activity and toxicity of compounds fed to mixed -sex 

boll weevil groups for 3 days 
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Table 3. Chemosterilant act ivity and toxicity of compounds fed to mixed 
b^ll weevil groups for 3 days — Continued 
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Table 3- — Chemosterilant activity and toxicity of compounds fed to mixed- 
boll weevil groups for 3 days — Continued 
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Table 3, Chemost erilant activity and toxicity of compounds fed to mixed-sex 
boll weevil groups for 3 days — Continued 
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Table 3. — Ghemosterilant activity and toxicity of compounds fed to mixed’-sex 
boll weevil groups for 3 days — Continued 
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Table — Chemosterilant activity and toxicity of compounds fed to mixed-sex 

boll weevil groups for 3 days — Continued 
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Table 3. — Chemosterilant activity and toxicity of compounds fed to mixed-sex 
boll waevil groups for 3 days— —Continued 
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Table 3* — Chemosterllant activity and toxicity of compounds fed to mixed-sex 
boll weevil groups for 3 days — Continued 
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Table 3 . — Chemosterilant activity and toxicity of compounds fed to mixed- sex 
boll weevil groups for 3 days — Continued 
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Table 3. — Chemosterllant activity and toxicity of compounds fed to mixed-sex 
boll weevil groups for 3 days — Continued 
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Table — Chemosterllant activity and toxicity of compounds fed to mixed-: 

boll weevil groups for 3 days^ — Continued 
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Table 3- — Chemosterilant activity and toxicity of compounds fed to mixed-sex 
boll weevil groups for 3 days — Continued 
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africana stem bark, alcohol 
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Finally, m-(salicylideneamino) phenol at 0,25 
to 0.5% reduced fecundity of treated females 
by 50% to 80%. 

Many other compounds effectively sterilized 
l^oll weevils but were too toxic at the test con- 
centrations. Still other compounds, which seem 
to liave no merit as chemosterilaiils, were very 
toxic at low concentrations and may well be 
tested as insecticides, 

Inconsistencies in treatments may have oc- 
curred because of the repellent nature of certain 
compounds. For example, weevils may eat a 
diet containing 1% of a chemosterilant and be- 
come sterile; yet h 2 % concentration of the 
same chemical may repel the weevils, and little 
or no feeding takes place. 
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